Background: Given the variable response to cognitive-behavioral therapy (CBT) when added to antipsychotic medication in psychosis and the evidence for a role of pretherapy level of frontal lobe-based cognitive function in responsiveness to CBT in other disorders, this study examined whether pretherapy brain activity associated with working memory neural network predicts clinical responsiveness to CBT in schizophrenia.
reported at least one positive "distressing" symptom, and 3) wished/agreed to receive 6 -8 months of CBT-P in addition to their usual drug treatment. Patients for both (CBTϩTAU, TAU-alone) groups 1) were from the same geographic area, 2) had been identified by their psychiatrists as suitable for CBT-P, and 3) wished to receive CBT in addition to their usual treatment. Those accepted for CBT-P by the Psychological Interventions Clinic for Outpatients with Psychosis (PICuP), South London and Maudsley (SLAM) National Health Service (NHS) Foundation Trust went into the CBTϩTAU group; others, matched to those in the CBTϩTAU group as much as possible, went into the TAU-alone group. With the resources available to the SLAM NHS Foundation Trust, only approximately 10% of eligible patients are offered CBT-P. The final CBTϩTAU group had 19 patients (consent withdrawal, n ϭ 4; medication noncompliance before follow-up, n ϭ 1; nonusable data, n ϭ 2), and the TAU-alone group had 17 patients (consent withdrawal, n ϭ 5; acutely unwell/admitted to a secure hospital before follow-up, n ϭ 2; nonusable data, n ϭ 2). Table 1 presents participants' characteristics. All participants provided written informed consent after the study procedures had been explained to them.
All participants underwent fMRI during the n-back task and clinical assessment at entry. The CBTϩTAU group then received 6 -8 months of CBT-P following a published manual (19) in a specialist clinical service (PICuP, SLAM NHS Foundation Trust). Therapy sessions were conducted weekly or fortnightly, as preferred by the patient, for up to 1 hour. Patients received an average of 16 sessions. All CBT interventions were formulationdriven and focused on the therapy goals of the patient. The therapists were supervised by one of two investigators (E.K. or E.R.P.). TAU-alone patients were followed up over the same period as CBTϩTAU patients. Symptoms were rated in all patients, using the PANSS (18) , at entry and then 6 -8 months later by an experienced and independent psychiatrist (DF) who was blind to whether patients received CBT.
fMRI Paradigm and Procedure
The task (14) , modified from Callicott et al. (20) , involved monitoring locations of dots (presentation time: 450 msec; interstimulus-interval: 1500 msec) within a diamond-shaped box on the screen at a given delay from the original occurrence (0-back, 1-back, or 2-back; Figure 1 ). There were three 30-sec active conditions (0-back, 1-back, 2-back) presented to participants five times in pseudo-random order, controlling for order effect. Each active block had 15 stimulus presentations, started with a 15-sec rest block ("Rest" on the screen), and began with a 750-msec text delay allowing the participants to notice a change in task demand/condition. The experiment lasted 11.25 min. Participants viewed the paradigm projected onto a screen through a prismatic mirror. They were required to press the button on every trial, using the right thumb, corresponding to the correct location of the 0-back, 1-back, or 2-back stimulus (chance performance ϭ 25%; location of dots purely random). Participants abstained from alcohol for at least 24 hours and underwent task familiarization before scanning.
Image Acquisition
Echoplanar MR brain images were acquired using a 1.5-T GE Signa system (General Electric, Milwaukee, Wisconsin). In each of 16 near-axial noncontiguous planes parallel to the intercommissural plane, 225 T2*-weighted MR images depicting blood oxygen level-dependent contrast were acquired over the experiment with echo time (TE) ϭ 40 msec, repetition time (TR) ϭ 3 sec, in-plane resolution ϭ 3.1 mm, slice thickness ϭ 7.0 mm, and interslice gap ϭ .7 mm. In the same session, a high-resolution three-dimensional inversion recovery prepared spoiled gradient recalled acquisition in a steady state volume data set was acquired with TE ϭ 5.3 msec, inversion time ϭ 300 msec, TR ϭ 12.2 msec, in-plane resolution ϭ .94 mm, and slice thickness ϭ 1.5 mm.
Data Analysis: Demographic, Clinical, and Behavioral Measures
The HC, CBTϩTAU, and TAU-alone groups were compared on age, education, and predicted IQ (21) using a one-way analysis of variance (ANOVA), followed by mean comparisons as appropriate. Group differences in performance were examined by a Group (HC, CBTϩTAU, TAU-alone) ϫ Load (0-back, 1-back, 2-back) ANOVA (separately for accuracy [% correct responses] and latency [in msec] of correct responses) with Group as a between-subjects factor and Load as the withinsubjects factor, followed by analysis of lower order effects as appropriate. A significant Group effect in latency (Results), given the potential effect of age in this measure, was reevaluated using analyses of covariance (ANCOVA), covarying for age.
The CBTϩTAU and TAU-alone groups were compared on clinical variables using independent-sample t tests. The change in symptoms from baseline to follow-up was investigated using a Group (CBTϩTAU, TAU-alone) ϫ Time (baseline, follow-up) ANOVA with Group as a between-subjects factor and Time as a within-subjects factor. A significant Group ϫ Time effect was followed up by paired t tests on total and subscale PANSS scores separately in the CBTϩTAU and TAU-alone groups. Following the observation of significant symptom reduction in the CBTϩTAU group, but not in the TAU-alone group, we examined potential associations between baseline symptom severity and symptom change (baseline minus follow-up) in the CBTϩTAU group using Pearson's correlations and confirmed the effects of CBT-P using ANCOVAs on symptom change scores covarying for baseline symptoms. We also computed the degree of change in symptoms independent of initial severity as residual change in symptoms by regressing the initial PANSS (total and subscales) scores on follow-up scores as a further outcome measure of CBT responsiveness for fMRI analysis following the method used by Siegle and colleagues (22) . The association between performance variables and responsiveness to CBT was examined using Pearson's correlations.
All analyses were performed in SPSS windows (version 15). Before running the described analyses, each variable was evaluated for the normality of the distribution to ensure it met the criteria of parametric statistics. Alpha level for testing significance of effects was maintained at p Ͻ .05.
Functional MRI: Image Pre-Processing
For each participant, the 225-volume functional time series were motion corrected, transformed into stereotactic space (Montreal Neurological Institute), smoothed with a 10 mm full-width-at-half-maximum Gaussian filter, and band-pass filtered using statistical parametric mapping software (SPM2; http://www.fil.ion.ucl.ac.uk/spm).
Models and Statistical Inferences
Data were analyzed using a random-effect procedure (23). Subject-specific activations were identified with a factorial model consisting of three active conditions and rest as an implicit baseline. Generic task-related activity changes were identified using one-sample t tests (height threshold, p ϭ .001; clustercorrected p Յ .05) separately in CBTϩTAU and HC groups.
To examine the relationship of CBT response with pretherapy brain activity in patients, we regressed residual symptom change scores on task-related activations (0-back vs. rest; 1-and 2-back vs. 0-back) across the entire brain (height threshold p ϭ .05, cluster-corrected p Յ 05). For the positive associations of a priori hypothesized regions in the frontal lobe with CBT responsiveness, the following significance criteria to maxima voxels of clusters that did not survive whole-brain correction for multiple comparisons were applied: 1) T value of Ն3.80 (corresponding to uncorrected voxel p Ͻ .001) and Ն100 contiguous voxels, and 2) survival of small volume correction (SVC) within a locally defined volume (15-mm radius sphere) with family-wise error corrected p Յ .05. (No cluster in any other regions met this SVC criterion for positive associations with CBT response.) We explored negative associations between CBT responsiveness and pretherapy activations using a more conservative criteria (height threshold, p ϭ .005; whole-brain cluster-corrected p Յ .05) because we did not have a specific hypothesis or a region of interest (ROI).
To examine whether a positive association between pretherapy brain activity and CBT responsiveness reflected a hyperresponse or a stronger response within the normal range in CBTϩTAU patients, we compared CBTϩTAU patients and HC using two-sample t tests on 2-back Ͼ 0 back contrasts (these revealed the strongest association with CBT responsiveness; see Results).
Further, we examined functional connectivity of the left and right frontal regions (that associated with CBT responsiveness in earlier analyses) with other regions as predictors of CBT responsiveness. For this purpose, the activity time series from the left DLPFC (seed Ϫ48 to investigate their connectivity with other regions. The regions with significantly covarying increases or decreases in activity with the two ROIs were identified for each participant, and the group connectivity maps constructed using one-sample t tests (height threshold p ϭ .005; cluster-corrected p Յ .05). The relationship of CBT response with connectivity of the left and right PFC with other regions was identified by regressing residual symptom change scores on connectivity SPM maps in CBTϩTAU patients (height threshold p ϭ .005; cluster-corrected p Յ .05).
Results

Demographic, Clinical, and Behavioral Measures
There was a trend for the effect of Group in age (F ϭ 2.44, df ϭ 2,56, p ϭ .10); TAU-alone patients were slightly older than HC (t ϭ 1.96, df ϭ 35, p ϭ .06). There were Group effects in education (F ϭ 3.53, df ϭ 2,56, p ϭ .04) and IQ (F ϭ 4.70, df ϭ 2,55, p ϭ .01); TAUϩ alone patients, relative to HC, had fewer years in education (t ϭ 1.79, df ϭ 35, p ϭ .01) and lower IQ (t ϭ 3.30, df ϭ 34, p ϭ .002). CBTϩTAU patients did not differ from TAU-alone patients in age, education, IQ, baseline symptoms, age at illness onset, illness duration, and antipsychotic dose or from HC in demographic characteristics (Table 1) .
CBTϩTAU, but not TAU-alone, patients showed changes in symptoms from baseline to follow-up (Group 
Generic fMRI Patterns
The generic WM network ( Table 1 in Supplement 1) identified in both the CBTϩTAU and HC groups included bilateral activations in the inferior-middle-superior frontal gyrus and the parietal lobe. The deactivated regions included the posterior cingulate, medial prefrontal and middle temporal gyri, insula, and precuneus.
Pretherapy Brain Activity and CBT Responsiveness
Task-Related Activity Changes. Expected associations emerged between pretherapy task-related activity at 2-back (Ͼ 0-back) and CBT responsiveness ( Figure 2 , Table 2 ); these relationships were absent in the TAU-alone group (Figure 3) . Specifically, a reduction in total PANSS scores was associated with greater activity bilaterally in the inferior-middle frontal gyrus, mainly the DLPFC (BA 46). A medial PFC-anterior cingulate cluster (uncorrected p ϭ .012) failed to survive SVC. A reduction in positive symptoms was associated with greater left inferior-middle frontal gyrus, most consistently Brodmann's area [BA] 9-46, activity. A reduction in negative symptoms was associated with greater pretherapy activity in a large left-sided cluster including the caudate, dorsomedial PFC, and DLPFC (BA 9-46). A reduction in general psychopathology was associated with greater activity bilaterally in the inferior-middle frontal gyrus, primarily BA 46.
No other activation was positively associated with a change in total or subscale symptom scores at any task load. Activity in several regions, mainly those found to be deactivated during memory load relative to no memory load (0-back/rest) conditions (Supplement 1), was associated negatively with CBT responsiveness during 1-back and 2-back (Ͼ 0-back) conditions ( Figure 2 , Table 2 ). These relationships are due to relatively stronger deactivations during memory load conditions in patients with the strongest CBT response.
The CBTϩTAU and HC groups did not differ in activity of the regions positively or negatively associated with CBT responsiveness (p values Ͼ .20).
Within the left DLPFC connectivity maps (2-back Ͼ 0-back), CBT responsiveness associated positively with covarying increases in activity in a lingual gyrus-cerebellum cluster (peak: DLPFC Connectivity. In HC, the areas of significantly covarying increases with the left and right PFC activity during 2-back (Ͼ 0-back) included a large area surrounding the seed voxel and extending to the contralateral PFC and anterior cingulate, and a much smaller area in the left inferior parietal cortex (BA 40) ( Table 2 in Supplement 1). Similar coactivations occurred in CBTϩTAU patients, although the parietal cluster extended to a much smaller area for left DLPFC and was absent for right PFC. Posterior cingulate activity showed significantly covarying decreases with the left and right PFC activity in HC; this was present weakly for left PFC and nonsignificant for right PFC in CBTϩTAU group.
Discussion
We investigated the association between pre-CBT brain activity and responsiveness to 6 -8 months of CBT-P in schizophrenia patients using an n-back task. We also studied a representative group of HC to enable us to characterize our patient sample.
Clinical Findings
Supporting the findings of meta-analyses of RCTs for CBT-P (1-3), the CBTϩTAU, relative to the TAU-alone, group showed reduced symptoms after CBT, with considerable variation in the degree of symptom change for individual patients (Figure 3 ).
Neural Findings
The activation patterns in both the CBTϩTAU and healthy groups are highly consistent with previous studies using this n-back task (13, 14) . Supporting our hypothesis, fMRI response increases in the frontal lobe, most consistently in the DLPFC, during the 2-back load predicted greater responsiveness to CBT. We found no associations between CBT responsiveness and 1) activations during 0-back condition and 2) task-related activations of the parietal cortex. The pattern of results suggests that cognitive processes attributed specifically to the frontal lobe, especially DLPFC, are more pertinent to CBT responsiveness in schizophrenia than WM in general or some other processes also engaged by the task (see below). Supporting this suggestion, the DLPFC activity (and not WM performance) explained a significant amount of variance in CBT responsiveness (R 2 ϭ .519, Standard error of the estimate ϭ 9.33); the variance explained by fMRI activity and performance together (.520, 9.32) was similar to that explained by fMRI alone.
The task we used involves sustained attention, encoding of information into WM, active maintenance of stimulus representations, updating of sequential order information, and response inhibition and selection (20) . Associations between task-related fMRI activity and CBT responsiveness could therefore be interpreted in terms of any of these functions. However, various brain regions constituting WM network are considered to subserve more specialized functions. The DLPFC (BA 9-46) contributes primarily to executive processes such as mnemonic strategies and monitoring (24, 25) and executive control of maintenance and manipulation (26) , rather than short-term storage of information (27) . The DLPFC is also critical for relational processing in decision making (12) , a function common to many higher-order processes such as reasoning and schema induction (28) . Lateral PFC is implicated in top-down control to change behavior (29) , and brain areas involved in the top-down processing of information are postulated to be associated with CBT responsiveness (30). The positive association we report here between DLPFC activity and CBT responsiveness may be mediated by facilitation of effective CBT by executive processes modulated by the DLPFC. Patients with greater DLPFC response may be more capable of schema induction (facilitating transfer of learning from one situation to other, similar, situations), reasoning, and relational processing (pooling together and comparing decisionrelevant information) and gain most from CBT.
Previous studies have reported hyper-, hypo-, or normalrange frontal activations in schizophrenia depending on task characteristics, as well as clinical characteristics and performance of the patient groups (31) (32) (33) (34) . The use of atypical antipsychotics for most patients (35) , and less marked (nonsignificant) deficit in performance accuracy in CBTϩTAU patients, on average, compared with HC, possibly led to no patient-versus-control differences in WM-related activity in our study. The activations associated with CBT responsiveness in our sample did not reflect hyperactivations and were within the normal (healthy group) range. Recent data show that schizophrenia patients with normal-range (but not poor) performance, like healthy people, can show continued increases in DLPFC response from no/low-tohigh memory load (34) , as most likely is the case for patients with a good CBT-response in our study.
Although DLPFC activity of both hemispheres was predictive of CBT responsiveness, the left DLPFC showed more robust pattern of activity and connectivity with the cerebellum in association with CBT responsiveness. This suggests that the left hemisphere is more strongly associated with a beneficial outcome of CBT in schizophrenia, as reported previously in depression (36) . In general, bilateral activity was expected with our task because it could be performed by encoding verbal (i.e., dot in the left/right/top/bottom position) or spatial information and was cognitively demanding (37) .
The positive connectivity between the left DLPFC and cerebellum was strongly associated with a favorable response to CBT. Although the cerebellum has traditionally been implicated in motor control, there are stronger cerebellar projections from the PFC in humans (30.85%) than found in nonhuman primates (16.4%) (38) , and these may have evolved in the course of evolution following the same course as the PFC itself (39) . Furthermore, recent data demonstrate cerebellar contributions to higher-order cognitive functions, especially the task management and multitasking components of executive processing (40) . The DLPFC-cerebellum connectivity and CBT responsiveness association may thus be explained by the PFC-cerebellum contributions to executive control, facilitating CBT responsiveness in the same way as the DLPFC activity itself. According to , disruption in the corticocerebellarthalamo-cortical circuitry results in deficient processing, prioritizing, retrieval, coordination, and responding to information in schizophrenia. Our findings suggest that this circuitry may also have a role in responsiveness to CBT in schizophrenia.
Finally, we observed strong associations between a low, or no, response to CBT in patients and reduced deactivation of the regions that were deactivated during the rest/0-back, relative to the memory load, conditions in HC. These have generally been implicated in "mind-wandering" default states (44, 45) . Our finding may indicate an association between a reduced ability to maintain focus on, or switch to, a goal (task in this case) and a less favorable response to CBT. Clinically, disruption of default network activity has been reported in several disorders including autism (46) , attention-deficit/hyperactivity disorder (47) , and schizophrenia (48 -51) . Our findings suggest that default mode of brain action has a role in CBT efficacy in schizophrenia.
Limitations
First, this study used a parallel-group, rather than a purely random, design for allocation to CBTpϩTAU and TAU-alone groups. Although we cannot prove that the patients in the TAU group would also improve if they received CBT, the patients were randomly distributed across both groups in their desire for this intervention. Second, it could be argued that CBTϩTAU patients showed clinical improvement simply because of benefiting from therapist contact, independent of the specific effects of the CBT methods applied to them. It is, however, unlikely because the standard care provided to patients before, and during, the study consisted of management offered by a case management team with a dedicated care coordinator who saw the patient regularly, in addition to psychiatrists and other specialists, such as a benefits adviser and occupational therapist. Furthermore, CBT for psychosis has specific effects on symptoms, distinct from interventions such as social skills training (help acquire social skills) or cognitive remediation (improve cognitive functioning) (1, 3) , and has been found superior in reducing the symptoms to a nonspecific befriending intervention controlling for the amount of contact with treating professionals (52) . Third, the CBTϩTAU and TAU-alone groups differed slightly in IQ, education, and illness duration; none of these, however, had a noticeable influence in CBT responsiveness. Fourth, the use of a block design limited the interpretation of fMRI findings in terms of the component processes involved in task performance. Finally, we employed a spatial MW task; verbal WM may be more pertinent to skills needed to engage in CBT.
Conclusions
Within the WM network, the DLPFC activity and its connectivity with the cerebellum are associated with CBT responsiveness in schizophrenia. These effects may be mediated by the PFC-cerebellum contributions to executive processes facilitating effective CBT within a psychotherapeutic context. Our results may imply that addressing cognitive deficits associated with DLPFC in schizophrenia would maximize benefit from CBT. This is in line with recent data showing better outcomes with a combination of cognitive training and psychiatric rehabilitation in schizophrenia (53, 54) .
